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Abstract—With the increasing of the aging population, the
demand for homecare services is escalating and the homecare
assistive robots are becoming increasingly popular. In this paper,
a differential mobile chassis design for a homecare assistive robot
is presented. The mobile chassis is made of aluminum sheet and
profile, and adopts a two-wheel differential model as the kinematic
model. The STM32 single chip microcomputer is used as the
cerebellum to control chassis movement, and the NVIDIA Jetson
Nano Developer Kit is employed as the brain for perception and
decision-making. The software architecture is based on the back-
fore ground system and the ROS. A prototype is developed and
experiments on simultaneous localization and mapping (SLAM) as
well as autonomous navigation experiments are conducted to
verify the practicality of the chassis design.

Keywords—homecare assistive robots, mobile chassis, SLAM,
autonomous navigation

1. INTRODUCTION

Nowadays, the aging population of the world has become a
severe problem. The endowment burden for each household is
getting heavier. This leads to a problem that more and more
elderly people can only look after themselves at home alone with
limited mobility if they have disabilities or underlying diseases
[1, 2]. Usually, the elderly is repugnant to be arranged to the
nursing home and hiring a nursemaid is not affordable for
everyone. Therefore, the homecare assistive robots have arisen
wide study as they can be seen as the most potential solution for
the care of the home-based elderly.

And the homecare assistive robots can be divided into
rehabilitation robots and service robots. The rehabilitation
robots are mainly actuated artificial limbs and the robotic suits
that enclose the affected limb like an exoskeleton which are
designed for recovering the physical function of patients [3-5].
While the work presented in this paper is much more similar to
the service robot. There are some excellent examples of fully
capable service robot like Care-O-bot [6], Homemate [7] and
Hobbit PT2 [8]. They can interact with humans through visual
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or tactile approaches. And a wheelchair robot is developed for
the handicapped especially [9]. The PR2 [10] is another typical
homecare assistive robot with dual-arms which can perform
chores. Yamazaki et al. [11] conduct experiments of using a
home-assistant robot to transport things. The most significant
thing is that the above contents are all mobile robots with the
ability to move autonomously in a domestic environment.

Thus, the research of mobile robots chassis is necessary.
According to the steering structure, the chassis can be divided
into Ackerman, omnidirectional and differential categories. The
design of a wheeled mobile robot using an Ackerman
configuration is presented in [12]. And there are many
researches on the application of Ackerman structure [13-15].
While a design of omnidirectional chassis for inspection robots
is investigated in [16]. Tan et al. study the omnidirectional
indoor mobile robot system based on multi-sensor fusion [17].
Apparently, omnidirectional chassis is holonomic with arbitrary
trajectory. However, its wheels are either poly or mecanum
wheels which are very limited for load capacity. As for the
differential driven chassis, the common structures are based on
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Fig. . Homecare assistive robot with a two-wheel differential-drive
chassis.
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wheels and crawler. The crawler robots are usually designed for
field special tasks operated in irregular terrain [18]. While the
wheeled robots are common in various application scenarios
[19-20].

In this paper, a two-wheel differential chassis is designed
and implemented for home-based assistive robots using
aluminum sheet and profile, as shown in Fig. 1. Two kinds of
suspension structure are designed for the driving and driven
wheels respectively to enhance the mobility of the chassis.
Furthermore, in consideration of the trade-off between the
performance and cost, the commercial electronic components
are selected. Specifically, the STM32 single chip
microcomputer (SCM) is used as the cerebellum to control
chassis movement and the NVIDIA Jetson Nano Developer Kit
(Jetson Nano) is applied as the brain for perception and decision-
making. The software system in SCM is the back-fore ground
system based on multiple interrupts. And the ROS embedded in
Jetson Nano plays a role of the high-order algorithm scheduling
system. Finally, the SLAM and navigation experiments are
conducted using the chassis prototype to verify the design of the
chassis.

II. CHASSIS SYSTEM DESIGN

A. Kinematic Model

In this work, a two-wheel differential model is employed as
the chassis kinematic model, since it can make the chassis
rotation center coincide with the geometric center. Due to the
constraints of the driving wheels, the chassis can only move
along the radial direction of the driving wheels. Thus, the two-
wheel differential chassis is non-holonomic which is subject to
non-omnidirectional constraints. Though the chassis has 3 DOF,
it can only control the linear velocity v, in the X direction of its
own coordinate system and the yaw rate w.

B. Mechanical Structure

As the chassis is designed for a homecare assistive robot, it
must have a certain load capacity to undertake the specific upper
body of the robot. Hence, the aluminum sheet and profile are
applied to construct the chassis structure. When the robot is
moving in a specific place, it will inevitably encounter the
problem of wheel slipping which will increase the error of the
wheel odometry. And the robot must meet the necessity of
steadily passing through the bumpy road when carrying the stuff
like pills for the elderly. Therefore, a simplified suspension

system is designed for the chassis which only contains the shock
absorber. The suspension structures of driving and driven
wheels are parallelogram, their difference only lies in the
number of shock absorbers and the elastic coefficient of the
spring.

C. Electronic Configuration

Considering the stability of the power supply, the dual
lithium batteries are used to power the chassis, one for the
brushless motor and one for the other electronic components.
Thus, the electrical isolation at the hardware level is achieved.

Specifically, the DC brushless motor (RoboMaster M3508
P19) is selected for driving the chassis. The single chip
microcomputer with STM32F407ZGT6 is employed as the
cerebellum to control the movement of the chassis. And the
commercial IMU (Wit-motion JY61P) is adopted to collect
inertial readings for the SCM especially the yaw rate. In addition,
the Jetson Nano is used as the brain of the chassis. And there are
two types of lidar connected with the Jetson Nano, one is
RPLIDAR A2 which provides 2D point cloud and the other one
is DJI Livox Mid-70 which provides 3D point cloud. The
electronic configuration of the chassis is shown in Fig. 2.

D. Software Architecture

Tasks in the SCM are sensitive to the execution frequency
and priority respectively. Hence, the Interrupt Service Routines
(ISR) is adopted to perform different tasks and other processing.
The software system in the SCM can be called back-fore ground
system. Nevertheless, the interrupt frequency of those tasks like
receiving data from hardware port depends on the transmitting
terminal which is indeterminate at the coding phase. For those
tasks with defined execution frequency, they are performed in
the ISR of the internal timer of the SCM.

The Ubuntu 18.04 is installed on the Jetson Nano as the
operating system. Next, the ROS Melodic is embedded in the
Ubuntu. Thanks to the ROS community, there are plenty of oft-
the-shelf algorithm packages available for developers. The

(©) (@

Fig. 3. Integration of the chassis prototype: (a) The 3D model of the
chassis prototype; (b) The mock-up of the chassis prototype; (c)
Construction of the motor module; (d) Construction of the inside modules.



mature and open-source Gmapping, LOAM, A* and DWA
algorithms are selected to realize 2D, 3D SLAM and
autonomous navigation respectively. To make these algorithms
work, there are several custom auxiliary packages need to be
created. For instance, the robot serial package contains two
nodes is made for communicating with the SCM.

E. Construction of the chassis prototype

Based on the design in section II (A-D), a prototype of the
chassis for evaluation and experiments on SLAM and navigation
is constructed. The prototype weighs 10kg with two driving
wheels and four omnidirectional driven wheels. The 3D model
and mock-up of the chassis prototype are shown in Fig. 3.

III. EXPERIMENTS OF SLAM AND NAVIGATION

A. 2D SLAM Experiments

The place where to conduct the 2D SLAM experiments is an
indoor corridor with three boxes manually set as the obstacles,
and it is shown in Fig. 4(a). In the test, the linear and angular
velocity of the chassis is limited within 0.5 m/s and 30 °/s
respectively in case of the dramatic drift of the wheel odometry.
We use the remote control to make the chassis move at a uniform
speed and the grid map updates gradually. Eventually, the
appearance of the constructed map and the real environment are
basically the same. The visualized process and qualitative result
of 2D SLAM are shown in Fig. 4(b).

Corridor environment Obstacles

Mobile
chassis

(b)

Fig. 4. The 2D SLAM experiment setup and results. (a) The indoor
experiment environment and the obstacles. (b) The qualitative results of
2D SLAM

(b)

Fig. 5. The 3D SLAM experiment setup and results. (a) The outdoor
experiment environment with the trees and buildings. (b) The qualitative
results of 3D SLAM.

B. 3D SLAM Experiments

Furthermore, the outdoor 3D SLAM experiments using
LOAM algorithm on a large scale are carried out. The
experiment environment and qualitative results of 3D SLAM are
shown in Fig. 5(a) and Fig. 5(b) respectively.

C. Autonomous Navigation

The A* and DWA algorithms are applied as the global and
local path planning approach respectively. And the DWA is
capable of avoiding dynamic obstacles naturally. Additionally,
the visualization tool Rviz which is a component of ROS is used
to set the destination for the chassis in an interactive way without
coding. The experiments environment is the same with 2D
SLAM and the navigation process is shown in Fig. 6. During the
test, the chassis runs fully autonomous except setting the goals
manually. The tolerance of the yaw angle and position after
reaching the destination are set to 5° and 0.1 meters respectively.
As it can be seen, when the target is given, the chassis can plan
a dynamic path which will be adjusted when approaching the
obstacles. And the chassis performs well on tracking the planned
trajectory and reaches the destination accurately.

IV. CONCLUSION

In this research, a chassis design for a homecare assistive
robot has been presented. The chassis adopts two-wheel
differential model and has two driving wheels and four
omnidirectional driven wheels. The aluminum sheet and profile
are selected to construct the chassis. And the electronic



Fig. 6. The autonomous navigation experiment. The tail and direction of the red arrow are the destination for the next move and the orientation of the chassis
after reaching the destination respectively. The green lines are the real-time planned trajectories. The green circle represents the chassis.

configuration has been specified where the SCM and the Jetson
Nano are used for the control of chassis movement and
perception and decision-making. Moreover, a prototype of the
chassis has been built. The qualitative results of 2D and 3D
SLAM experiments demonstrate that the appearance of the map
constructed by the chassis is basically identical with the real
scene whether in 2D or 3D scenario. And the qualitative result
of navigation illustrates that the chassis can plan and track the
path and avoid obstacles autonomously. For future work,
quantitative experiments of various SLAM and navigation
algorithms will be conducted.
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